We present results of the Suzaku/XIS observation around the radio supernova remnant (SNR) G12.0−0.1. No significant diffuse emission extending in or along the radio shell was observed. Instead two compact X-ray sources, Suzaku J181205−1835 and Suzaku J181210−1842, were found in or near G12.0−0.1. Suzaku J181205−1835 is located at the northwest of the radio shell of G12.0−0.1. The X-ray profile is slightly extended over the point spread function of the Suzaku telescope. The X-ray spectrum has no line-like structure and is well represented by a power-law model with a photon index of 2.2 and an absorption column of N H =4.9×10
Introduction
Supernovae remnants (SNRs) are main sites of heavy element production and of acceleration of high-energy particles in the Galaxy. X-rays are powerful tools to investigate the elements (abundances) by the plasma diagnostics and search for synchrotron X-rays from high-energy electrons. Although 273 Galactic SNRs have been discovered so far (Green 2009 ) by the radio, only limited fraction have been detected in the X-ray; X-ray properties of most of the SNRs have not been investigated yet. We have performed the Galactic plane survey project with ASCA (ASCA Galactic plane survey, AGPS, Yamauchi et al. 2002) . AGPS covered the Galactic inner disk (|l| < 45
• and |b| < 0.4
• ) and the Galactic center region (|l| < 2 • and |b| < 2
• ) with successive pointing observations of about 10 ks exposure. AGPS detected X-ray emissions from ∼30 radio cataloged SNRs, in which 15 SNRs were new discoveries in the X-ray Sakano et al. 2002; Yamauchi et al. 2002) . Among them, AGPS found an weak and diffuse X-ray source near G12.0−0.1, designated as AX J181211−1835 . The X-ray spectrum of AX J181211−1835 was well represented by either a thin thermal emission or a power-law model ). However, due to the poor photon statistics, the estimated parameters had large errors, and hence the origin of the X-ray was not well constrained.
Since Suzaku has a better spectral resolution, wider energy band, and lower/more stable intrinsic background than the previous X-ray satellites (Mitsuda et al. 2007) , it is the suitable instrument to study a faint and diffuse sources. Based on the Suzaku data, Sezer et al. (2010) reported that the spectra of G12.0−0.1 were represented by a thermal emission+power-law model. Since G12.0−0.1 is a faint source at the Galactic Ridge, where a strong X-ray emission, called Galactic Ridge X-ray Emission (GRXE), is prevailing, the careful background subtraction is required. Thus, we reanalyzed the Suzaku data paying particular concern to background subtraction. In this paper, we report new results of the X-ray spectra and discuss the nature of G12.0−0.1. The data of XIS 0, 1, and 3 were co-added. Neither background subtraction nor vignetting correction is performed. The intensity levels of the X-ray and the radio bands are linearly spaced. The contour in (c) shows the ASCA GIS2+3 intensity map in the 0.7-10 keV smoothed with a Gaussian distribution of σ=60 ′′ , while the white dots show the positions of X-ray sources in the XMM-Serendipitous Source Catalog (Watson et al. 2009 ). A1 and A2 are the ASCA source named as AX J181211−1835 and AX J181213−1842, respectively, while X1, X2, X3, and X4 are XMM-Newton/Chandra sources named as 2XMM J181205.8−183549, 2XMM J181206.0−183625, 2XMM J181209.2−184149=CXO J181209.1−184146, and 2XMM J181210.5−184208=CXO J181210.3−184208, respectively. The contour in (d) shows the radio intensity map at 1.4 GHz using the NRAO VLA Sky Survey (NVSS) (Condon et al. 1998) Koyama et al. (2007), and Serlemitsos et al. (2007) , respectively. XIS sensor-1 (XIS 1) is a back-side illuminated CCD (BI), while the other three XIS sensors (XIS 0, 2, and 3) are front-side illuminated CCDs (FIs). The observed field was 17. ′ 8×17. ′ 8 area with the center at (α, δ) J2000.0 = (273.
Observations and Data Reduction
• 0208, −18.
• 6250). Since one of the FIs (XIS2) turned dysfunctional in 2006 November, we used the data obtained with XIS 0, XIS 1, and XIS 3. The XIS was operated in the normal clocking mode with the time resolution of 8 s. The XIS employs the spaced-row charge injection (SCI) technique to rejuvenate the spectral resolution. Details concerning on the SCI technique are given in Nakajima et al. (2008) and Uchiyama et al. (2009) .
Data reduction and analysis were made using the HEAsoft version 6.11. The XIS pulse-height data for each X-ray event were converted to Pulse Invariant (PI) channels using the xispi software version 2009-02-28 and the calibration database version 2011-11-09. We excluded the data obtained at the South Atlantic Anomaly, during the earth occultation, and at the low elevation angle from the earth rim of < 5
• (night earth) and < 20 • (day earth). After removing hot and flickering pixels, we used the grade 0, 2, 3, 4, and 6 data. The resultant exposure time was 53.7 ks for each XIS detector. Figure 1 shows X-ray images in the 0.7-2, 2-8, and 0.7-8 keV energy bands. The data of XIS 0, 1, and 3 were added to increase photon statistics. In the energy band above 2 keV (figure 1b), we see two compact X-ray sources. (Uchiyama et al. 2008) . In addition, the systematic error of the peak determination is 8 ′′ .
Analysis and Results

Image
Suzaku J181205−1835
In the 0.7-8keV band image of figure 1c, we show the ASCA intensity profile (the contour) and the peak position (labels A1 and A2), while the XMMNewton/Chandra sources are displayed as X1, 2, 3, and 4. The error circle of Suzaku J181205−1835 includes 2XMM J181205.8−183549 (label X1) (the Second XMM-Newton Serendipitous Source Catalog Third Data Release: 2XMMi-DR3, Watson et al. 2009) , and hence Suzaku J181205−1835 is identified with 2XMM J181205.8−183549.
The nearest ASCA source is AX J181211−1835 (label A1) (the separation angle: ∆θ=1 ′ .58). Since AX J181211−1835 is a faint source (5.4σ detection in the 0.7-7 keV band; Sugizaki et al. 2001) and is elongated to the east-west direction (see figure 1c ), the uncertainty of the peak position would be large. Thus, Suzaku J181205−1835 and AX J181211−1835 are probably identical.
The radio intensity map at 1.4 GHz (Condon et al. 1998 ) is overlaid in the Suzaku image of figure 1d. An weak radio source NVSS J181203−183558 (label R2, NED; Condon et al. 1998 ) is near to Suzaku J181205−1835 (∆θ=23 ′′ ) and their error regions overlap each other. However, the separation angle between 2XMM J181205.8−183549 and NVSS J181203−183558 (∆θ=32 ′′ ) is larger than the positional errors of XMM-Newton (5 ′′ .22 and systematic error=1 ′′ , 2XXMi-DR3) and NVSS (19 ′′ , NED). Thus, Suzaku J181205−1835 may not be identified with NVSS J181203−183558. We also searched for optical and infrared counterparts for Suzaku J181205−1835 by using the SIMBAD database and found no candidate. Figure 2 shows the radial profiles in the 2-8 keV band, Suzaku J181205−1835 (the solid line) and the best-fit Point Spread Function (PSF, the dotted line) at the source position made using xissim. The background counts, estimated from an annulus region with radii of 180 ′′ -210 ′′ , were subtracted. A free parameter was a normalization of the PSF. The observed profile cannot be reproduced by the PSF with χ 2 / d.o.f.=18.49/8=2.31; it is slightly extended over the PSF. We note that 2XMM J181205.8−183549, an XMM-Newton counterpart, is also slightly extended (15 ′′ .7, 2XMMi-DR3). X-ray spectra of Suzaku J181205−1835 were extracted from a 2 ′ .5 radius circle (see figures 1 and 2). The background spectra were extracted from a source free region in the same FOV, as shown in figure 1b. We constructed the non-X-ray background (NXB) for the source and the background spectra from the night earth data using xisnxbgen (Tawa et al. 2008) . After subtraction of the NXB from the source and the background spectra, we corrected the vignetting effect of the background spectra by the method shown by Hyodo et al. (2008) and subtracted the vignetting-corrected background spectra from the source spectra. The X-ray counts in the 1-10 keV energy band extracted from the source region were 1967, 2625, and 1992 for XIS 0, 1, and 3, respectively, while after the background subtraction, the source counts were 467, 366, and 448, respectively. We co-added the XIS 0 and XIS 3 spectra, but treated the XIS 1 spectrum separately, because the response functions of the FIs and BI are different. Then, the background-subtracted spectra were grouped with a similar signal-to-noise ratio for a bin. Response files, Redistribution Matrix Files (RMFs) and Ancillary Response Files (ARFs), were made using xisrmfgen and xissimarfgen, respectively. The background-subtracted spectrum is shown in figure 3 . Only the FI CCD spectrum (XIS 0+3) is displayed for brevity. The X-ray spectra exhibit no emission line feature. We thus simultaneously fitted the XIS 0+3 and the XIS 1 spectra with a power-law model, modified by low-energy absorption. The cross sections of photoelectric absorption were taken from Balucinska-Church and McCammon (1992) . This model can explain the spectra well with χ 2 / d.o.f.=31.16/39=0.80. The best-fit parameters are listed in table 1, while the best-fit power-law model is shown in figure 3 .
Since ASCA reported more extended emission , we made Suzaku spectra within a 4 ′ .5 circle from the source (the same size for the ASCA spectrum). The background spectra were extracted from the outer source free region in the same FOV. Then, the flux in the 2-10 keV band is (3.5±0.6)×10 −13 erg s −1 cm −2 , nearly the same as that from the 2 ′ .5 circle region (see table 1 ). Thus, we conclude that there is no largely extended non-thermal X-ray emission as reported with ASCA 1 . We also examined possibility of largely extended thermal X-ray emission, by adding a thermal model with solar abundances (Anders & Grevesse 1989) (apec model in XSPEC) to the power-law function fixing the best-fit photon index and N H value to those in table 1. We scanned the temperature range of 0.2-1 keV, and then obtained an upper limit of the thermal emission with kT <1 keV (absorbed) within a 4 ′ .5 radius circle to be 6×10 −14 erg s −1 cm −2 in the 2-10 keV band (90% confidence level). We made timing data (X-ray counts/8 s) from a circle with a radius of 1 ′ .5 centered on the peak position of Suzaku J181205−1835 for each detector and co-added the XIS 0, 1, and 3 data to maximize photon statistics. We found no significant intensity variation in the X-ray light curve. We also searched for a pulsation using powspec, but found no clear coherent pulsation in the range of 16-2048 s.
Suzaku J181210−1842
As shown in figure 1c, Using the same method as that for Suzaku J181205−1835, we made a radial profile of Suzaku J181210−1842 and compared with the PSF. Figure 4 shows the radial profile of Suzaku J181210−1842 and the best-fit PSF. The observed profile is well fitted with the PSF (χ 2 /d.o.f.=11.41/8=1.43), and hence Suzaku J181210−1842 is a point source. We note that 2XMM J181210.5−184208, an XMM-Newton counterpart, is also a point source (2XMMi-DR3).
X-ray spectra of Suzaku J181210−1842 were extracted from a 2 ′ .0 radius circle with the same background sub-
1
We made the same analysis with no vigneting correction for the background spectra, and found that the flux is (8.0±0.8)×10 −13 erg s −1 cm −2 , larger than that in table 1. Thus, we suspect that the ASCA extended emission is artifact caused mainly by an improper background subtraction (no veigenting correction). traction process as that for Suzaku J181205−1835. The X-ray counts from the source region in the 1-10 keV energy band were 1921, 2081, and 1660 for XIS 0, 1, and 3, respectively, while after the background subtraction the source counts were 969, 694, and 835, respectively. Then, the background-subtracted spectra were grouped as same as Suzaku J181205−1835. Figure 5 shows the background-subtracted spectrum. Only the XIS 0+3 spectrum is displayed for brevity. We found a hump near the energy of Fe K-lines. We simultaneously fitted the XIS 0+3 and the XIS 1 spectra with a model consisting of thermal bremsstrahlung and a Gaussian line, and found a very broad line (σ ∼ 230 eV) leaving a wavy residual (the χ 2 value of 85.23 for d.o.f.=75). This suggests that the hump consists of several emission lines. Therefore, we next fitted the spectra adding three narrow Gaussian lines at 6.4, 6.7, and 6.97 keV to the thermal bremsstrahlung model. The center energies of the two lines were fixed at 6.4 and 6.97 keV. The fit was improved (the χ 2 value of 80.61 for d.o.f.=74). The best-fit parameters are listed in table 2 and the bestfit model is displayed in figure 5 .
We extracted X-ray counts in the 1-8 keV band from a 1 ′ .5 radius circle, co-added the XIS 0, 1, and 3 data, and examined time variation. No significant intensity variation was found in the X-ray light curve. We also searched for a pulsation but found no clear pulsation in the range of 16-2048 s.
Discussion
Contrary to the ASCA result, Suzaku found neither thin thermal nor non-thermal X-rays extending largely in or along the radio shell of the SNR G12.0−0.1. Instead two compact X-ray sources, Suzaku J181205−1835 and Suzaku J181210−1842, were found in and near G12.0−0.1. Although these two sources have been already reported with XMM-Newton, the Suzaku observation provides more accurate spectra and more severe constraint. Here, 
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.5 * Errors are single parameter 90% confidence levels (∆χ 2 < 2.7). † Energy of the emission line. ‡ Equivalent width of the emission line. § Observed (absorbed) flux in the 2-10 keV energy band calculated from the best-fit model.
we discuss the nature of these sources based on the Suzaku results.
Suzaku J181205−1835
The Galactic HI column density (N HI ) along the line-of-sight to Suzaku J181205−1835 is N HI =2.0×10 Dame et al. 2001) , the Galactic H 2 column density (N H2 ) is estimated to be N H2 =3.0×10 22 cm −2 . The total N H , N H =N HI +2N H2 , is then (7.3-7.9)×10 22 cm −2 . The N H =4.9×10
22 cm −2 of Suzaku J181205−1835 is a bit larger than the half of the total N H thorough the Galaxy. Therefore, Suzaku J181205−1835 would be in the Galactic inner disk at the distance of ∼10 kpc.
No reliable estimation, nor any report for the distance to G12.0−0.1 has been available so far. We therefore applied empirical relation between the surface brightness and the SNR diameter (Σ-D relation: e.g., Case & Bhattacharya 1998; Pavlović et al. 2013) . Then the distance of G12.0−0.1 is calculated to be ∼11 kpc . Although the distance estimation methods for Suzaku J181205−1835 and G12.0−0.1 are the subject of large uncertainty, the distances of the two objects are roughly the same. We hence assume that Suzaku J181205−1835 is associated with SNR G12.0−0.1. In the following discussion, we assume the distance to Suzaku J181205−1835/G12.0−0.1 to be 10 kpc, with the reservation of a large error.
Suzaku J181205−1835 is spatially extended by subarcminute. The X-ray spectrum can be explained by a −0.7 , a typical value of SN 1006-like SNRs (Γ ∼2.5-3, e.g., Koyama et al. 1995; Bamba et al. 2005) or pulsar wind nebulae (PWNe) (Γ ∼2, e.g., Possenti et al. 2002; Kargaltsev & Pavlov 2008) . No largely extended emission (power-law) near or around Suzaku J181205−1835 was found, which excludes possibility of SN 1006-like object.
The X-ray luminosity in the 2-10 keV band is calculated to be 5.6×10
33 erg s −1 at 10 kpc. Based on the empirical relation between an X-ray luminosity and a characteristic age of pulsars in PWNe (Possenti et al. 2002; Mattana et al. 2009) , the age of Suzaku J181205−1835 is estimated to be ∼3×10 3 -3×10 4 yr. Middle-aged PWNe with characteristic ages of ∼3×10 3 -3×10 4 yr are expected to have small synchrotron nebulae with a size of ∼2-10 pc (Bamba et al. 2010) . This corresponds to 0. ′ 7-3. ′ 4 at 10 kpc, in agreement with the extent of Suzaku J181205−1835 (figure 2) .
In order to examine long-term intensity variation of Suzaku J181205−1835, we re-analyzed the ASCA spectrum from a 3 ′ radius circle after subtracting the background counts from an annulus region of 3 ′ -6 ′ radii. The flux is then (3.7±2.3)×10 −13 erg s −1 cm −2 (2-10 keV), the same as the Suzaku result (see table 1 ). The X-ray flux of 2XMM J181205.8−183549 is estimated from the data of short exposure time (0.3-1.3 ks, 2XMMi-DR3).
Although the values are different from detector to detector (MOS1, MOS2 and PN), they are in the range of (1.2-21)×10 −13 erg s −1 cm −2 . The Suzaku result (3.4×10 −13 erg s −1 cm −2 in the 2-12 keV band) is in this range. Thus, we conclude that there is no significant long-term intensity variation among the ASCA (1996), XMM-Newton (2003), and Suzaku (2007) observations. These characteristics, the distance, non-thermal X-rays, reasonable extent, and no significant long-term intensity variation, suggest that Suzaku J181205−1835 is a new PWN candidate associated with SNR G12.0−0.1. The thermal X-ray flux near or around this PMN candidate is less than 20% of the PWN flux, and hence G12.0−0.1 would be a PWN dominant SNR. If Suzaku J181205−1835 is a PWN, a fast rotation of a neutron star with a spin period less than 1 s would be expected. Since the XIS has no capability to detect such a fast rotation, we used the Hard X-ray Detector (HXD; Takahashi et al. 2007 ) data onboard Suzaku for the fast timing analysis with a 61 µs time resolution and an accuracy of 1.9 × 10 −9 s s −1 per day (Terada et al. 2008) . The resulting timing analysis in the 10-25 keV HXD data, however, showed no significant pulsation in the scanned period range of 10 ms to 1 s. Thus, future search for a pulsation in the radio and X-ray bands are encouraged.
Suzaku J181205−1835 has a large offset from the center of G12.0−0.1, which requires a very large projected velocity of ∼1000 km s −1 . This value is near to a higher end of transverse velocities of radio pulsars (ATNF pulsar catalog 2 ), and hence Suzaku J181205−1835 may have a bowshock structure. Assuming that Suzaku J181205−1835 has the same wide band spectrum as Crab nebula, we can expect the total flux density of ∼20 mJy at 1 GHz. However, since Suzaku J181205−1835 has no clear radio counterpart (see section 3.2 and figure 1d ) and the flux density of nearby radio source, NVSS J181203−183558, is ∼5 mJy at 1.4 GHz (Condon et al. 1998, NED) , the flux density of Suzaku J181205−1835 would be less than 5 mJy. To reveal these issues, observations with high spatial resolution and high sensitivity in the radio and X-ray bands are also required.
Suzaku J181210−1842
Judging from its location, Suzaku J181210−1842 would be unrelated object to G12.0−0.1. The X-ray lines at 6.4, 6.7, and 6.97 keV with the equivalent widths (EWs) of 175±90, 270±110, and 195±110 eV, respec- 
